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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

This invention relates to the method of forming coating on a substrate especially using 
atmospheric pressure plasma discharge, the method of polymerizing polymer formation material, 
and the device for forming coating on a substrate further about the method of forming coating on 
a substrate. 
[0002] 

For example, since surface activity is increased in order to protect a substrate from corrosion, to 
provide the barrier to oxidation and to improve an adhesive property with other materials, a 
substrate can be coated for various Reasons for the biomedical conformity of a substrate. The 
method generally used in order to embellish or coat a substrate face is placing a substrate into a 
reaction vessel and performing plasma discharge. Many examples of such processing are known 
for the art concerned, for example, US,5,876,753,B indicates the process for making target 
material adhere to a solid surface, and this process, It includes adding a carbon system compound 
to the surface by low-power output variable duty cycle pulse plasma vacuum evaporation. The 
Europe public presentation No. 0896035 indicates the device which has a substrate and coating, 
and coating is performed to a substrate by the plasma polymerization of the gas containing at 
least one organic compound or a monomer. Germany patent No. 19924108 which began and was 
exhibited after the priority date of the beginning of this application indicates the process for 
coating a color and corrosion inhibitor on a substrate. Performing liquid thin film coating, and 
performing plasma polymer protective coating continuously on a substrate, is included by the 
process. Plasma polymer coating is formed using a gas monomer and low pressure plasma. 
[0003] 

However, in such a plasma surface treatment, to place a substrate under a decompression 
condition is needed, therefore a vacuum chamber is needed. The usual coating formation gas 
pressure is the range of 5 Nm" 2 - 25 Nm" 2 (1 atmosphere = see the 1.01x10 5 Nm" 2 ). As a result 
which needs decompression, the surface treatment is expensive and it is limited to batch 
processing, and the coating formation material must be a gestalt of a gas or a steam, in order to 
hold decompression conditions. 
[0004] 

This invention persons discovered that the above-mentioned disadvantageous state of substrate 
face plasma treatment was conquerable using the combination of atmospheric pressure plasma 



discharge, and a spray liquid object and/or a solid coating formation material. 
[0005] 

Therefore, according to this invention, it is provided by the method of forming coating on a 
substrate, and a described method, It includes introducing the coating formation material of a 
spray liquid object and/or a solid into the ionizable gas style generated from atmospheric 
pressure plasma discharge and/or it, and exposing the above-mentioned substrate to a spraying 
coating formation material. 
[0006] 

It should be understood that the coating formation material by this invention is the material 
which can be used in order to produce arbitrary suitable coating containing the material which 
can be used, for example in order to grow up a thin film, or since the existing surface is 
embellished chemically. 
[0007] 

This invention also provides the method of polymerizing polymer formation material, and a 
described method includes spraying polymer formation material and exposing the above- 
mentioned polymer formation material to atmospheric pressure plasma discharge. 
[0008] 

Provide this invention further and the device for forming coating on a substrate the above- 
mentioned device, A means for generating atmospheric pressure plasma discharge by which the 
above-mentioned substrate is arranged at the inside at the time of use, the spray pump for 
providing a spraying coating formation material in plasma discharge, and the means for 
supplying a coating formation material to the above-mentioned spray pump are included. 
[0009] 

Every conventional means for generating atmospheric pressure plasma glow discharge can be 
used in this invention, for example, an atmospheric pressure plasma jet, atmospheric pressure 
microwave glow discharge, atmospheric pressure glow discharge, etc. are mentioned. Usually, in 
order for such a means to generate uniform glow discharge in atmospheric pressure according to 
a Penning ionization mechanism, . A helium diluent and a high-frequency (for example, >lkHz) 
power supply can be used. (For example) Kanazawa and others and J. Phys.D: . Appl. Phys. 
1988 and 21, 838, Okazaki and others, and Proc.Jpn. Symp. Plasma Chem. 1989, 2, 95, 
Kanazawa and others, and Nuclear. Instruments and Methods in Physical Research 1989, 
B37/38, 842 and Yokoyama and others, J. Phys. D: Refer to Appl. Phys. 1990, 23, and 374. 
[0010] 

A coating formation material may be sprayed using which conventional means, such as an 
ultrasonic nozzle, for example. It is desirable still more preferred to generate a coating formation 
material drop with a size of 10-100 micrometers, and a spray pump is 10-50 micrometers. A 
suitable spray pump to use it by this invention is an ultrasonic nozzle from Sono-Tek 
Corporation, Milton, New York, and USA. The case where the device of this invention is used 
for a device forming copolymer coating on a substrate from two different coating formation 
materials, for example, or [ that a monomer is nonmiscible ] ~ or it exists in a different phase, for 
example, the 1st phase can contain two or more especially helpful spray pumps, when the 2nd 
phase is a gas or a fluid in solid form. 
[0011] 

This invention can be used in order to form substrate coating of the type with which many differ. 
The type of coating formed on a substrate is determined by the coating formation material 
(singular number or plurality) used, and the method of this invention may be used in order to 



polymerize a coating formation monomer material (singular number or plurality) on a substrate 
face (copolymerization). Coating formation materials may be organic or inorganic solids, fluids 
or gases, or those mixtures. As a suitable organic coating formation material, carboxylate, 
methacrylic acid ester, Acrylic ester, styrene, a methacrylonitrile, an alkene, and diene, For 
example, methyl methacrylate, ethyl methacrylate, methacrylic acid propyl, Butyl methacrylate, 
other alkyl methacrylate, and corresponding acrylic ester, organic functional methacrylic acid 
ester and acrylic ester are included (glycidyl methacrylate.) Methacrylic acid 
trimethoxysilylpropyl, methacrylic acid allyl, methacrylic acid hydroxyethyl, Methacrylic acid 
hydroxypropyl, methacrylic acid dialkylamino alkyl, And the methacrylic acid containing meta- 
(acrylic) acid fluoro alkyl, Acrylic acid, fumaric acid and ester, itaconic acid (and ester), A 
maleic anhydride, styrene, alpha-methylstyrene, a halogenation alkene, For example, vinylic 
halide, such as VCM/PVC, vinyl, fluoridation, and a fluorination alkene, for example, a 
perfluoro-alkene, acrylonitrile, a methacrylonitrile, ethylene, propylene, allylamine, halogenation 
vinylidene, butadiene, Acrylamide, such as N-isopropylacrylamide, methacrylamide, An epoxy 
compound, for example, glycidoxy propyltrimethoxysilane, Glycidol, styrene oxide, butadiene 
monooxide, ethylene glycol, Diglycidyl ether, glycidyl methacrylate, bisphenol A diglycidyl 
ether (and the oligomer), The Lynn content compounds, such as for example, conductive 
polymer, such as vinyl cyclohexane oxide, pyrrole, thiophenes, and those derivatives, and 
dimethylallyl phosphonate, are mentioned. As a suitable inorganic coating formation material, 
the metal and the metallic oxide containing the colloidal metal are mentioned. An organic 
metallic compound is also a suitable coating formation material, and metal alkoxides, such as an 
alkoxide of a titanate, a tin alkoxide, zirconate, germanium, and erbium, are contained. However, 
when this invention persons provided a substrate with coating of a silica base or a siloxane base 
using the coating formation constituent containing silicon content material, they discovered that 
especially this invention was helpful. As a suitable silicon content material to use it by the 
method of this invention, Silang (for example, Silang, an alkyl halo silane, alkoxysilane). And a 
straight chain (for example, polydimethyl siloxane) and cyclosiloxane. (For example, 
octamethylcyclotetrasiloxane) (Cyclosiloxane.) [ an organic functional straight chain and ] (for 
example, the straight chain of Si-H content, halo functionality, and halo alkyl functionality, 
cyclosiloxane, for example, tetramethyl cyclotetrasiloxane, and Tori (monofluorobutyl) trimethyl 
cyclotrisiloxane) -- containing - it is mentioned. For example, in order to fit the physical 
property of substrate coating to specific necessity, the mixture of a different silicon content 
material may be used (for example, optical properties, such as a heat characteristic and a 
refractive index, and viscoelastic property). 
[0012] 

Under oxidation conditions, the method of this invention can be used and oxygen content coating 
can be formed on a substrate. For example, coating of a silica base can be formed in a substrate 
face from a spraying silicon content coating formation material. Under a reducing condition, 
coating which does not contain oxygen using this invention can be formed, for example, coating 
of a silicon carbide base can be formed from a spraying silicon content coating formation 
material. 
[0013] 

For example, the plasma generation conditions containing gases other than oxygen, such as rare 
gas, air, hydrogen, nitrogen, and ammonia, can also be used. Nitrogen can combine with a 
substrate face in nitrogen content atmosphere, and a nitrate can join together and/or form on a 
substrate face in nitrogen and an oxygen containing atmosphere. Such a gas can be used, also in 



order to pretreat a substrate face before exposing to a coating morphogenetic substance. For 
example, the oxygen content plasma treatment of a substrate can provide improvement of 
adhesion with performed coating. Oxygen content plasma is generated by introducing oxygen 
content material to the plasma of oxygen gas or water. Post-processing of the coating formed on 
the substrate may be carried out by various plasma conditions. For example, coating of siloxane 
origin may oxidize by oxygen content plasma treatment further. Oxygen content plasma is 
generated by introducing oxygen content material to the plasma of oxygen gas or water. 
[0014] 

Since the method of this invention is performed under atmospheric pressure conditions, the 
advantage of this invention exceeding conventional technology is being able to use the spraying 
coating formation material of both a fluid and a solid, and being able to form substrate coating. A 
coating formation material can be introduced under the nonexistence of carrier gas into the flow 
generated as plasma discharge or a result, i.e., a direct inlet can be directly carried out by 
pouring, for example, and a coating formation material is directly poured in by it into plasma. 
[0015] 

As mentioned above, this invention persons discovered that especially this invention was helpful, 
in order to form coating of a silica base and a siloxane base on a substrate using silicon content 
material. For example, although coating of a silica base can be formed in a substrate face from 
spraying silicon content material under oxidation conditions, such as an oxygen containing 
atmosphere, Under the conditions of not oxidizing, siloxane polymer, such as a straight chain, 
branching, or resin- like siloxane polymer, can be formed in a substrate face from spraying of a 
silicon content monomer. A siloxane organicity copolymer can be formed in a substrate face by 
use of the mixture of organicity and a silicon content monomer. Coating of a silica base may be 
formed in a substrate face, and then this may be coated, for example with the further materials, 
such as organicity or siloxane polymer. For example, when a siloxane is mixed with organic 
polymer and a substrate is formed from this mixture, a siloxane can be moved to the organic 
polymer body surface of a substrate for a difference of the surface energy between organic 
polymer and a siloxane. Next, if atmospheric pressure plasma treatment is performed to this 
substrate, the siloxane of a substrate face will oxidize and will form coating of a silica base. 
Processing which follows this invention by performing atmospheric pressure plasma treatment 
further under existence of a spraying silicon content monomer is carried out to coating of this 
silica base next, and siloxane coating is formed on it. However, this invention is useful also in 
order to, form organic coating of polyacrylic acid or perfluoro-organicity coating on a substrate 
for example. 
[0016] 

The substrate coated can include arbitrary materials, such as metal, ceramics, a plastic, a 
siloxane, ** or non- woven textile, a natural fiber, a synthetic fiber, a cellulosic material, and 
powder, for example. However, the size of a substrate is restricted by the size of the capacity to 
which atmospheric pressure plasma discharge is generated, i.e., an inter-electrode distance of a 
plasma generation means. In a typical plasma generator, plasma is generated in a mm [ 5 mm to / 
50 ], for example, to 12, 25-mm gap. Therefore, this invention is especially helpful in order to 
coat a thin film, textiles, and powder. 
[0017] 

The substrate coated by the method of this invention can have various uses. For example, the 
coating of the silica base generated in an oxidizing atmosphere can strengthen the barrier and/or 
diffusing characteristic of a substrate, and can heighten the capability which the further material 



pastes up on a substrate face. Halo functional organicity or the siloxane coating (for example, 
perfiuoro-alkene) can increase the hydrophobicity of a substrate, sparse oiliness, fuel and soil 
tolerance, and/or a stripping characteristic. The polydimethyl siloxane coating can strengthen the 
water resisting property of a substrate, and a stripping characteristic, and can raise the softness of 
a feel of textiles. Polyacrylic acid polymer coating can be used as a part of laminated structure as 
a glue line for promoting adhesion to a substrate face. If coating is made to contain a colloidal- 
metal kind, surface conduction nature will be provided to a substrate, or the optical property will 
be improved. A polythiophene and polypyrrole give conductive polymer coating which can also 
provide corrosion resistance to a metal substrate. 
[0018] 

One main problem which is easy to generate when coating a substrate using the process of 
including plasma treatment is that the chemicals characteristic of the material used for formation 
of coating may lose. Therefore, the main advantages of this invention are that the chemicals 
characteristic of a coating formation material is substantially held in formed coating. For 
example, when acrylic acid is used as a coating formation material, the functionality of 
carboxylic acid is substantially held in formed coating. 
[0019] 

This invention provides the method of manufacturing the substrate which has a multilayer 
coating tip by the above-mentioned process. In this case, a coating layer is given, whenever it 
repeats atmospheric pressure plasma glow discharge to a substrate and passes it. By being 
conveyed through atmospheric pressure plasma glow discharge as an open reel type process, in 
such a case, can coat a substrate continuously preferably, and here, In order that the whole 
substrate may guarantee having predetermined holding time within glow discharge, a substrate 
passes glow discharge from the 1st reel at a fixed speed, and moves to up to the 2nd reel, each 
substrate « glow discharge -- 1 time — or — multiple-times passage can be carried out — thereby - 
- the 1st of the 1st passage — that is, a feed reel turns into a substrate recovery reel in the 2nd 
passage, the substrate recovery reel of the 1st passage is a feed reel in the 2nd passage next, and 
two reels are exchanged at the end of each passage. Or a series of atmospheric pressure glow 
discharge chambers may be passed by the substrate. 
[0020] 

For the desirable use of coating of the substrate coated according to this invention. The use as a 
component of in the organic light emitting diode device in oxygen for the adhesives of a layered 
product, for example, a foodstuffs packaging use, and/or the barrier of moisture, a flat-panel 
display, etc. or a top is included. 
[0021] 

This invention is explained here in detail with reference to an accompanying drawing. 
[0022] 

The device according to this invention shown in drawing 1 is provided with the means (roughly 
shown by 10) and spray pump (roughly shown by 12) for generating atmospheric pressure 
plasma discharge, and the spray pump 12 is connected to the syringe pump 14 for supplying a 
coating formation material to the spray pump 12. The ac power supply 20 with a high tension of 
15 kHz supplied over the two aluminum electrodes 22 and 24 estranged 12 mm is included in the 
means 10 for generating discharge, and the lower live electrode (live electrode) 22 is intercepted 
with the glass dielectric plate 26. The spray pump 12 has the Sono-tek*8700-120 ultrasonic 
nozzle 30, and is connected to the Sono-tek*06-05108 broadband-ultrasound generator 32. The 
spray pump 12 is fixed in the ground electrode 24 on O ring 34. The substrate 40 coated is 



arranged on the electrode 22 and the glass dielectric plate 26 between 24. 
[0023] 

The device explained in the preceding sentence with reference to drawing 1 was used for all.the 
following procedures. 

(*Sono-tek Corporation, Milton, New York 12547, USA) 
[0024] 

Working example 1 

The polyethylene film board of the piece was cleaned ultrasonically in isopropyl alcohol and the 
1:1 mixtures of cyclohexane, and it has arranged on a glass plate. After exhausting residual gas, 
plasma discharge gas was introduced by rate-of-flow 1900sccm and pressure 1.02x10 5 Nm" 2 . 
Two sorts of discharge gas, helium, and 99% helium / 1% oxygen mixture, was used. After 
purging for 10 minutes, the syringe pump 14 was switched on and the coating formation material 
was made to flow at the rate of SxlO^mls" 1 . Two sorts of coating formation materials, 
octamethylcyclotetrasiloxane ("D 4 " is called hereafter) and tetramethyl cyclotetrasiloxane 
("D 4 H" is called hereafter), were used. When the coating formation material reached to the 
ultrasonic nozzle, atmospheric pressure plasma discharge was caused by switching on an 
ultrasonic generator, in order to start spraying of a coating formation material (2.5 W), and 
impressing 1.5 kV to an electrode. After continuing vacuum evaporation of a coating formation 
material for 10 minutes, the substrate was taken out, under decompression, it has arranged for 20 
minutes and unstable material was removed. 
[0025] 

The result of the above-mentioned procedure is shown in the following table 1. Ultimate analysis 
of the substrate face was performed using x linear-light electronic spectroscopic analysis (Kratos 
ES300), and thickness was determined using the spectrophotometer (nkd-6000 of Aquila 
Instruments). The drop of 2micro of fixability 1 of deionized water was used, and angle-of- 
contact measurement was performed using the video capture device (VCA2500XE of AST 
Products). 
[0026] 

Gas transmittance measurement of the substrate face was also performed using the mass 
spectrometer. A result is shown in Table 2. The improvement factor of a barrier is calculated as 
[gas penetration of coated substrate]/[a gas penetration of a reference sample]. 
[0027] 
[Table 1] 
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[0028] 
[Table 2] 
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[0029] 

ATR-FTIR research of the substrate face showed that the ring opening polymerization of the D 4 
and D 4 H coating formation material occurred, and the polysiloxane was formed in the substrate 
face. In particular, it was shown by the ATR-FTIR research on the latter that polysiloxane 
coating holds many of Si-H functionality of D4H. 
[0030] 

By NMR research of coating prepared to the glass surface as mentioned above. The polysiloxane 
formed in the substrate face by the polymerization of the D 4 and D 4 H coating formation material, 
2 SiO (C H3) 2 / 2 unit of bivalence, and CH 3 Si0 3 [ tervaient ] / 2 unit are included, namely, it was shown 
that a polysiloxane is resin-like. 
[0031] 

Working example 2 

Acrylic acid was used as a glass substrate and a coating formation material, only helium was 
used as discharge gas, and the method of above-mentioned working example 1 was repeated. 
Coating was removed from the substrate before analysis. 
[0032] 

In FTIR of coating, and solid NMR analysis, it was checked that acrylic acid polymerized and 
polyacrylic acid had been formed. Each of FTIR(s) and NMR data showed consumption of 
unsaturation C=C combination. 
[0033] 

Working example 3 

The method of working example 2 was repeated using nylon and a polyethylene board. 



[0034] 

It was checked that the acrylic acid coating formation material polymerized and polyacrylic acid 
coating had been formed in the substrate face by comparison of FTIR analysis of coating with 
commercial polyacrylic acid. 
[0035] 

x linear-light electronic spectroscopic analysis, thickness analysis, and angle-of-contact 
measurement were carried out according to above-mentioned working example 1. A result is 
shown in the following table 3. 
[0036] 
[Table 3] 
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[0037] 

It opted for the gas transportation which passes along the coated polyethylene film by mass 
analysis. The barrier improvement factor calculated by above-mentioned working example 1 was 
larger than an unsettled polyethylene board and commercial polyacrylic acid. A result is shown 
in the following table 4. 
[0038] 
[Table 4] 
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[0039] 

In the coated nylon board, the lap shear test (lap shear test) was carried out like next. Two 
opposed faces of the coated nylon board were piled up, the joint which covers 1-cm 2 was formed, 
and the substrate was stiffened in 60 minutes and under the weight of 2 kg at 70 **. Next, the 
adhesive strength of each joint was determined by recording the maximum load which pulled 
apart the substrate the speed for 5 -mm/using the tension gauge (tensilometer) (Instron), and 
reached before destroying. The coated substrate bore the maximum load of 74**1 INcm" 2 before 
destruction. The comparison joint manufactured from the nylon which is not coated did not show 
the adhesion characteristic at all. 
[0040] 

Working example 4 

The method of working example 2 was repeated using 1H, 1H, and 2H-perfluoro-l-octene 

(CF 3 (CF 2 ) 5 CH=CH 2 ) as a glass substrate and a coating formation material. 

[0041] 

x linear-light electronic spectroscopic analysis, FTIR analysis, and angle-of-contact 
measurement (using water and Deccan) were carried out according to above-mentioned working 
example 1. A result is shown in the following table 5. It was shown by XPS and FTIR analysis 
that glass substrate coating is abundant in CF 2 and CF 3 . Working example 1 determined water 
and the angle of contact over Deccan. 
[0042] 
[Table 5] 
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[0043] 

It was shown by the measurement result of the angle of contact that the glass substrate was 
substantially made hydrophobicity and sparse oiliness by coating. 
[Brief Description of the Drawings] 
[Drawing 1] 

It is a figure for describing the embodiment of the device in this invention. 
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, #H«rflFSS5. 8 7 6, 7 5 3 ^ti@#£ffi^ffiW#ftfctt*£#S;fcfc©:/n-feX;£ ' 
B5K:K*3Mb£**tf tafS c i:£^t? 0 f fc , ft*N&M£o 8 9 6 0 3 5^«»ffi45<fc 

fc&fcT&HS ftfc&B#fPil 1 9 9 2 4 1 0 8 #f±, S«t ± fc % ft 43 <fc tf jff ft l£ it M * 

y f z ss b , i^t/7XYi'jY-§i3-f^y^^ita*^tJn§ 0 7° 7 x 

v^ijv-n-r^y^ti, «U* * / v - $3 «fc tf fg EE 7° 5 X v * ffl ^ T & j£ 5 ft 5 „ 
[ 0 0 0 3 ] 

ft, bfctfoT, KSf-+y^*^Bfc«n5o if on-f-f y^«^^XE(i, 5N 
m~ 2 ~25Nm" 2 ( 1 M EE = 1 . 0 1 X 1 0 s Nm" 2 ^#1) OfltSSo 1JI 
4*Skt4fi»i:lT, SSMSMlffiT'&S # ^ «y fffillcK^jn, n - r -f 50 
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y ?Bf&ttn& , ffi be * ««r f s fc 46 1 m# $ fc a. mu (d mm t* & w- n a * 6 * ^ „ 

[ 0 0 0 4 ] 
[ 0 0 0 5 ] 

fi£oT, # 18 UH K «fc S ^ ISitn-f^^^JWtSJS^St^n, ±fB#&tt 

Bftttn^-g h T c t £ tk^&o 10 
[ 0 0 0 6 ] 

*58 9ilLj;53-f^^)SSaii, fljfctf, » JM * £ 5 fc , SfcfiSI^©* 
[ 0 0 0 7 ] 

[ 0 0 0 8 ] 

i«±t3-f-{ ±mmw&, ® 20 

[ 0 0 0 9 ] 

, $Jx«\ AMJBE7°7 Xv v>x >y h , AMffiv^ * nifi^n-SfcSfc «fc tf * ^ EE ^ a - Sit 
*4H**»f6n5, M ft it > c © X 5 4 # 15 H , ^-j/^>r*yfb^*-XAK:J:0* 

>1 kHz) II^fltKttfftS (fj^lt Kanazawa^, J . P h y 
s. D : Appl. Phys. 1988, 2 1, 838,Okazaki£>, P 30 
roc. Jpn. Symp. Plasma Chem. 1989, 2 , 9 5 , K a 
nazawaS), Nuclear Instruments and Methods i 
n Physical Research 1989, B 3 7 / 3 8, 8 4 2 , 4o <fc £f Y 
okoyamag, J. Phys. D : Appl. Phys. 1990, 23, 
3 7 4 * # JB ) „ 
[00 1 0 ] 

T £ „ « if #§ « , 1 0 ~ 1 0 0 (im0*t?03-f>fy^lli-)8ttfll*4j«t«0 
A^IU, IK»H<ttl 0~50(iniTf«5. *»fl3'?fl!ffl , r*©R:MttftMS 

, Sono-Tek Corporation, Milton, New York, 40 
US Ai!p60ffltfiyX;I/T?3b4-, *5ii<08it4, 0B*fcf, StBtf 3-r 

t;v-tfipiiatt7$5j!(>$fti4a45fiic#ftt5, * «\ moffl @ & -e $ 2 
© « # mi* s fc b v & % m & ic s m \z ® \c a. -d m m <r> m m m * ts z. t # -e t § . 
[001 1 ] 

tioT^^jti, *fgBj?cD77^«, »«affi±K=t-fW y>fMtii*:/ 



JP 20U4-510b/l A Z0U4.4.8 



;l/ 1? i X f ;K 7^'J;HiXriK ^M'JC-HJiK 7 ;1/ y ^ ft <fc tf ^ 

x y , ij * «\ ^ £ * u ;V ft * f ;V , ^^'J;VSIxf;K £ ^ U ;U ft 7° n tf ;K ^ ^ 
i"J;H7f/K 4 6 tf £ > ffi©p<#^y;l/ft7;U*;Vft£tfttJ&1-377y/l/ftiXT 
;K (^$m^tt^#^y;l/ftxxy;Vft£tf7^y;Vftxxy/V£^ty ( * * * U ^ ft 

yi;j/S?/V, * jt V U ;U ft h V * h * is is U JV 7° o If ;l/ , X ^ ^ 'J ;H7 'J * # 7 'J 
/HtFo + i/ifiK * * * U )V ft F p * 9 s ~f n Vf /V „ ^^^J;H^7;l/ + ;V7 5 
/ 7 ;V * ;l/ > ft «t t; ^ £ ( 7 * y ;V ) ft 7 ;V * p 7 ;V * ;v % £ tr ) ) X^'J^t^ 7 * 
'J ;l/ ft , 7 7iHfcJ:y , iXr;k ^ £ n y ft (J3±tfxxf;l/) > 88 zk v U -f V ft , X 
f- \s y , a-^fii/Xfi/y, Anyyft7;Hy, w a &\ % ft e x ;v ft <fc a* 7 <y ft e 

x ;1/ ft if © /n D y y ft tf x ;l/ N ft J; tf 7 >y US ft 7 ;l/ y y , 0j if ^ ;l/ 7 ;V * P 7 ;!/ y y N 
7 £ y p x h y ;l/ N ^ * ^ U a x h U ;l/ % if 7 n If U y , 7 U /V 7 5 y » Any 

y ft If x 'J V s y , r^'^XV, N - 7 7° P Vf ;V 7 £ y ;l/ 7 5 F ft if © 7 # y ;l/ 7 ^ K , 
^^'J;I/7U\ x # * $/ ft £ *K M H ^ y 'J f F * 5/ 7° p tf ;l/ h y ^ h -y 9 y 

y iJ->^;H-f;K ^ * * y ;v ft y U ^ is ji , tf x 7 x / — ;P A s> y y -y s> /l/ x - y ;V 
(feifffCt'Ji^-) > tf x ;1/ ^ * n ^\ * -fe y * * is F „ t!n-;l/fe cttff t7i > 

ftBtftc^nscBiaittaHofiant^yr-, & e> 1 gy a a ^ f ^ 7 y ;i/ * x * * 

-hfc£©y>'S*rft£»tf¥W , 5tt<5o l«&il3-r^y^fJS«#SiLtii> p 
p^ H^JS*^ty^Ji43 J: tf^JSftftflBJb^tf Sfc, *-«^Sft^% t» p 
-r^^lMfitS^ f * V ft % x X X 7 ;l/ p * F , & 6 tf t y 

;W x 7 A ft <fc tf x ;b e 7 A © 7 ;1/ P f ^ F ft Z © ^ M 7 ;l/ P * is Fi^SiiS, L ^ L 

*f^0j!#5.«, y .^*###^^#t?p-f y tfB&mf&mzm ^tssk ^> 
y *^-xsfcf±^P^-9-y^~x©p-r tfiicfi 

, ^U^7f^->n^t>) ft J: tf ^ J/ n * It > t^^;l/^^nrh7 
y n * ^ y ) (£«S&Ettefcft&tfK*:R5'P*-*v(W*.tf. S i-Htt, ad^ 
ffitt, ft <t tf AD7;^;Hllt©llfcJ:tf««^n^it>, ffilAtf-r h7^f;V*/f 
n f h 7 p * U- ^ ft <fc tf b U (t77;Un^f/H MJ^;V^^b MJ^n + ^y 

H»f if ©ft¥#14, ft «£ tf5te#tt# tt) o 
[0012] 

IK, ftft^^T^«. ^fSUCJS^ffflU, S«±K»*-&^3--r -f V^fl 

M-XC^f^^^MtUfctfT'^. 38 7C & ft T 1? , *fgH^^^fflLTft 

[00 1 3 ] 

$fe, #^x, si, 7j<^, ^^ft-i tf 7 y^ex74 H<o»*ttnog**tf 

^■pf , llfeitfii^tfBt^tlit^ b is - h ^ m m m m ± K IS ^ ft J: tf / S 

„ it, isiEi«?nfc3-f^^i, i«<D^7X-7^ftT'iffli?nTfej:^ 



[00 1 4 ] 

T? t 3 £ £ T*%> 2> a J^tti, n - x ^ y 9 ft « m it . * + V 7 # X o # # & T T* ^ 
^^iiaAtci^tilliAtSc fctfT?t, *ft£«fcoT^ u-t 4 v?&f&#mt 

x t * k % m &. a 2 ft s, 

[0015] 

*1f^^-^03-'f^i'^*»lSt«ft«)lc*5Sifi*'«li:aii:i[oci:*aiLft, 00 
-X(D3-f>fy^^lItK}:tft*fSA^ *lft*ffTT?li, * ^ « £ # ^ 7 v - 

© 5 as^ss 0.1 *. tf is« * »8$ftft*i«fn**y#yv-42(Dj/ti + ^ 

o T > ISiffi o ^ ^ y - ^1 n >f J -7 - ^IfiSc t § l i: ^ ?t § „ f y * 

^-7«3-fry^*ISiiSld^L, * t c ft * , «l * tf #« s-fc 14 s/ n + -9- y # 

o«ii*;v*-ioftio.ftftii:, -yn*tysis©^iiy?-*f^i'\iii-§ 20 

« ^ ft £ ft t , yijM-xc3-fo^l6lt§. :o«yiJM-x©3-fo 

«J:oT*«Wfc:t£5«iai^ff t»n, i/D + tyn-f ry^^^OlCJF^Sti^. Lfr 
* 0J5 it s mz.tt. 'J 7 ^ 'J ;H$ ft li^^7;U nSfn - f ^ y & t* 

[0016] 

3-f^^h«i«tt, 7*7Xf7^ J/n^fy, 

fcti^M, AMU, £ $18*11, -fed/ n J: l?Offiao#fi4t 

7* 7 X ? (J , 5mm^6 5 0miti, 1 2mm*>6 2 5 mmOBB 

ft T* 58 4 $ ft 5 o LftffoT, * % 0£ « , ||, «ltiBJ:t;»5|5*3-7 1 -f>^ , r«fe«> 

[00 1 7 ] 

*»flo^aici7T3-fry<'«n5Ifiiil«o»)B**t«ct*Tt5. 09*. 
fef > tt I? H * * t* % £ $ ft § >"J * ^ - X O 3 - r -1- > ? B , a«©-*U**!J:tf/S 

Antffittti$fctti/o*^yn-f'f y^ ( M * «\ ^7;Hor^^y) tt , » 

« © ft 7k tt , ft Ml 14 , «m*$J:tf±Jaiftt, fcJ:tf/Sfe«fWIiWtt*«!*"rSi:i:tfT? 40 

ft 3 , &S^tt*0tt¥«ftttfK«>&n3o t° 'J f t 7 x y i (f ^ 'J tf tn — ;M4 , 
[0018] 

7 6 7 X^fea^ttJXD-bX^ffl^TlS%3-f^ V 5 L^fV^ 1 ~D (D 
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, m &l t ft tc n - r f > 9 \c $3 ^ t m n m k u n $ n § t t v & a » pj * «\ a - r ^ v 

[00 1 9 ] 

£ fc # 18 HB ti , J:lB©yotX(aoT^l3-r^^%ttSif ^ilt^SS^ 
S«t5„ £ (Dip, ilt^ME^^Xv^n-ftS^IIbllStSfttftn-r 

o *ass«^n-ft«* i c t&-e% , cmctu, s i ©m 

@JKl>-;l/tt*t»2©jiaTfH:#tl&U-;l/T?*t>, 2"3©y-;W4&il»©*«fc3Eift 
?n§„ aS*tt-»©;*:*EE^n-fi5c*?-* y;^IIJt5nt & «fc^, 

[ 0 0 2 0 ] 

k m a y ? v h /< * ;v ? j x 7° u >r * if t « «• 5 m « 8 ft ?v * - h t 9 > w x © * $ it 

tt±©«^B*fctT©ffl»A^Sn«. 
[ 0 0 2 1 ] 20 

[ 0 0 2 2 ] 

0 l ^^$n§*fgs^^^5^Btt^ME7°7Xv5j(«^fg^$^§rci6©#© (ftlftft 
tl OT'iSns) « .fctfWM (KRWlci 2?^Sn«) *«^T* 0, >«f§#§ 1 2 

ti, n-r -r > ?mf&#n*mm& 1 2 ^u&f s fca©^ y y *?#y? 1 4^guti 

§0 ttf *»4?ft8ft*0¥ai 0 , 1 2mmS^Snfc2O07;^n ^Afi 
2 2& <3:tf 2 4^=bfcoT$;IS£n3ifS/±l 5kHzOaclS20*$Sh, T §1$ ^ 
^711 (live electrode) 22tt, **7Xif / I/- h 2 6 o tl 
i?tl§„ |g?g 1 2 « S o n o - t e k * 8700-1 2 0 gf 17 X;V 3 0 I, 
Sono-tek* 0 6 - 0 5 1 0 8|£f«i^S^4?§3 2'\|l?tl5o <fiflf§ 1 2 30 

a o u y ^ 3 4 ± t» r - x 2 4 k * n s o 3-f^^hsi«4oii 1 m 

S2 2 & <fc Xf 2 4S80^77lSSyU-h 2 6±tCiag$n?> 0 
[ 0 0 2 3 ] 

Wi 1 ^lILTiit'llLftgl^, T IH © ^ T © # M © fc 46 ^ ffl b o 
(*Sono— tek Corporation, Milton, New York 1 

2 5 4 7, USA) 
[ 0 0 2 4 ] 

mm m 1 

•Y V 7° n tf ;l/ 7 ;l/ =i - ;V fc* J; V i/ Z a ^ * If V © 1 : 1 ft * -p — frfl^'Jif 

jss«£jS^2BSfc# t , ^9x^1/- h±jcEiibfco as^fx*sp«bfc«, mi 9 40 

00s c c m * «fc tf £E *J 1 . 02X 1 0 5 N m ~ 2 Xvftf ^ IA t fc„ *\ V 

n*i(f9 9 7 A/ l %ift^Ji^ft© 2 ffi©Sc*^X*ffiil L fco 10 »H/<- 

S> b fc ft > U > y # > 7° 1 4 © X >T >y =F % A ft , 3 - f -Y > 7* ^ fiic U * 3 X 1 0 ~ 5 
ml s - 1 ©ilffi fc 0 t^^*->^nf H->a^ty (WT, r D 4 j 

kfttS) fiitffh7^f ;W*nf h7*>n + i)-> ( iX T , r d 4 hj tftt§) © 
2S©=i-x^ ^'ffill^^fffl Lfco 3-r f y^SfiJJttS^fiWS/X^I/^SJSIb 
fc5>, 3-r w >^»J8*m©***M&* 3fci&fcffi£ift32£a0;W y f-^rAft (2 
. 5W) , liti. 5kV^enj!jp1-5Ci:tcJ:oT,AMi±7 0 7XT)Km^?[tilBc:L 

/c„ n-x^f y vmi&ttmvMM* i o ^rastfr s-efcfts n^ffiDtm, ssjeetk 2 
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[ 0 0 2 5 ] 

ISflOfilttttTClll !:^Sn§o x »3t*?^31£^*f ( K r a t o s E S 3 0 
0) fcffl^TSSgffiOTG**)-*? *mn U ftftft&W ( A q u i 1 a I ns t rum 
en t s©nkd-6000) *ffl^TJISJ?*Bt5£L;fco * > 7j< © £ 3i ft 2 ^ 1 <DM 

I^fiL, ^ft^t^f til (AS T Products ©VCA2500XE) 

[ 0 0 2 6 ] 
[ 0 0 2 7 ] 
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[00011 The present invention relates to a method for 
forming a coating on a substrate, in particular a method for 

pressure plasma discharge, a method for polymerising a 
polymer forming material, and further to apparatus for 
forming a coating on a substrate. 

[00021 Substrates may be coated for a variety of reasons, 
10 for example to protect the substrate from corrosion, to 
. provide a barrier to oxidation, to improve adhesion with 
other materials, to increase surface activity, and for 
reasons of biomedical compatibility of the substrate. A 
commonly used method for modifying or coating the surface of 

vessel and subject it to a plasma discharge. Many examples 
of such treatment are known in the art; for example, US 
patent number 5,876,753 discloses a process. for attaching 
target materials to a solid surface which process includes 

20 affixing carbonaceous compounds to a surface by low power 
variable duty cycle pulsed plasma deposition, and EP-A- 
0896035 discloses a device having a substrate and a coating, 
wherein the coating is applied to the substrate by plasma 
polymerisation of a gas comprising at least one organic 

25 compound or monomer. DE 19924108, which was first published 
after the initial priority date of the present application, 
describes a process for coating dyestuffs and corrosion 
inhibitors onto substrates. The process involves the 
application of a liquid film coating onto a substrate and a 

30 subsequent plasma polymer protective coating. The plasma 
polymer coating is formed using gaseous monomers and low 
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[0003] However, such plasma surface treatments require 
the substrate to be under conditions of reduced pressure, 
and hence require a vacuum chamber. Typical coating- forming 
gas pressures are in the range 5 to 25 Mrf 3 (cf . 1 
5 atmosphere = 1.01x10 s Nm" 2 ) . As a result o£ the requirement 
for reduced pressure, surface treatments are expensive, are 
limited to batch treatments, and the coating- forming 
materials must be in gaseous and/or vapour form in order to 
maintain conditions of reduced pressure. 

10 [0004] The present inventors have found that the 

abovementioned disadvantages of substrate surface plasma 
treatment can be overcome using a combination of an 
atmospheric pressure plasma discharge and an atomised liquid 
and/or solid coating forming material. 

15 [000S] Thus, according to the present invention there is 
provided a method for forming a coating on a substrate, 
which method comprises introducing an atomised liquid and/or 
solid coating- forming material into an atmospheric pressure 
plasma discharge and/or an ionised gas stream resulting 

20 therefrom, and exposing the substrate to the atomised 
coating-forming material. 

[0006] It is to be understood that the coating forming 
material in accordance with the present invention is a 
material which can be used to make any appropriate coating, 

25 including, for example, a material which can be used to grow 
a film or to chemically modify an existing surface. 
[0007] The present invention also provides a method for 
polymerising a polymer- forming material, which method 
comprises atomising the polymer- forming material, and 

30 exposing the polymer-forming material to an atmospheric 
pressure plasma discharge. 
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[00081 The present invention further provides apparatus 
for forming a coating on a substrata, which apparatus 
comprises means for generating an atmospheric pressure 
plasma discharge within which, in use, the substrate is 
5 placed, an atomiser for providing an atomised coating- 
forming material within the plasma discharge, and means for 
supplying a coating forming material to the atomiser. 
[0009] Any conventional means for generating an 
atmospheric pressure plasma glow discharge may be used in 

10 the present invention, for example atmospheric pressure 
plasma jet, atmospheric pressure microwave glow discharge 
and atmospheric pressure glow discharge. Typically such 
means will employ a helium diluents and a high frequency 
(e.g.> 1kHz) power supply to generate a homogeneous glow 

15 discharge at atmospheric pressure via a Perming ionisation 
mechanism, (sea for example, Kanazawa et al, J. Phys. D: 
Appl. Phys. 1988, 21, 838, Okazaki et al, Proc . Jpn. Symp. 

Instruments and Methods in Physical Research 1989, B37/38, 
20 842, and Yokoyama et al., J. Phys. D: Appl. Phys. 1990, 23, 
374) . 

[00101 The coating-forming material may he atomised using 
any conventional means, for example an ultrasonic nozzle. 
The atomiser preferably produces a coating- forming material 
25 drop size of from 10 to lOOum, more preferably from 10 to 
SOum. Suitable atomisers for use in the present invention 
are ultrasonic nozzles from Sono-Tek Corporation, Hilton, 

include a plurality of atomisers, which may be of particular 
30 utility, for example, where the apparatus is to be used to 
form a copolymer coating on a substrate from two different 
coating- forming materials, 
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or are in different phases, e.g. the first is a solid and 
the second is gaseous or liquid. 

[00111 The present invention may be used to form many 
different types of substrate coatings. The type of coating 
5 which is formed on the substrate is determined by the 

coating-forming material (s) used, and the present method may 
be used to (co) polymerise coating- forming monomer 
material (s) onto the substrate surface. The coating-forming 
material may be organic or inorganic, solid, liquid or 

10 gaseous, or mixtures thereof. Suitable organic coating- 
forming materials include carboxylates, methacrylates , 
acrylates, styrenes, methacrylonitriles, alkenes and dienes, 
for example methyl methacrylate, ethyl methacrylate, propyl 
methacrylate, butyl methacrylate, and other alkyl 

15 methacrylates, and the corresponding acrylates, including 
organofunctional methacrylates and acrylates, including 
glycidyl methacrylate, trimethoxysilyl propyl methacrylate, 
allyl methacrylate, hydroxyethyl methacrylate, hydroxypropyl 
methacrylate, dialkylaminoalkyl methacrylates, and 

20 fluoroalkyl (meth) acrylates, mefchacrylic acid, acrylic acid, 
fumaric acid and esters, itaoonic acid (and esters), maleic 
anhydride, styrene, a-methylstyrene, halogenated alkenes, 
for example, vinyl halides, such as vinyl chlorides and 
vinyl fluorides, and fluorinated alkenes, for example 

ethylene, propylene, allyl amine, vinylldene halides, 
butadienes, acrylamide, such as H-isopropylacrylomide, 
methacrylamide, epoxy compounds, for example 
glycidoxypropyltrimethoxysilane, glycidol, styrene oxide, 
30 butadiene monoxide, ethyleneglycol diglycidylether, glycidyl 
methacrylate, bisphenol A diglycidylether (and its 
oligomers) , vinylcyclohexene oxide, conducting polymers such 
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as pyrrole and thiophene and their derivatives, and 
phosphorus-containing compounds, for example 
dimethylallylphosphonate . Suitable inorganic coating- 
forming materials include metals and metal oxides, including 

5 colloidal metals. Organometallic compounds may also be 
suitable coating- forming materials, including metal 
alkoxides such as titanates, tin alkoxides, zirconates and 
alkoxides of germanium and erbium. However, the present 
inventors have found that the present invention has 

10 particular utility in providing substrates with silica- or 
siloxane-toased coatings using coating- forming compositions 
comprising silicon-containing materials. Suitable silicon- 
containing materials for use in the method of the present 

15 alkylhalosilanes, alkoxysilanes) and linear (for example, 
polydimethylsiloxane) and cyclic siloxanes (for example, 
octamethylcyclotetrasiloxane) , including organo- functional 
linear and cyclic siloxanes (for example, Si-H containing, 
halo- functional, and haloalkyl- functional linear and cyclic 

20 siloxanes, e.g. tetramethylcyclotetrasiloxane and 

tri(nonofluorobutyl)trimethylcyclotrisiloxane) . A mixture 
of different silicon-containing materials may be used, for 
example to tailor the physical properties of the substrate 
coating for a specified need (e.g. thermal properties, 

viscoelastic properties) . 

[00121 In addition, under oxidising conditions the 
present method may be used to form an oxygen containing 
coating on the substrate. For example, silica-based 
30 coatings can be formed on the substrate surface from 

atomised silicon-containing coating- forming materials. Under 
reducing conditions, the present method may be used to form 
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oxygen free coatings, for example, silicon carbide based 
coatings may be formed from atomised silicon containing 
coating forming materials. 

t0013] Plasma generating conditions containing gases 
5 other than oxygen may also be employed, for example noble 
gases, air, hydrogen, nitrogen and ammonia. In a nitrogen 
containing atmosphere nitrogen can bind to the substrate 
surface, and in an atmosphere containing both nitrogen and 
oxygen, nitrates can bind to and/or form on the substrate 

10 surface. Such gases may also be used to pre- treat the 

substrate surface prior to exposure to the coating forming 
substance. For example oxygen containing plasma treatment 
of the substrate may provide improved adhesion with the 
applied coating. The oxygen containing plasma being 

15 generated by introducing oxygen containing materials to the 
plasma such as oxygen gas or water. Furthermore, the 
coating formed on the substrate may be post treated in a 
range of plasma conditions. For example, siloxane derived 
coatings may be further oxidised by oxygen containing plasma 

20 treatment. The oxygen conta 



[0014] An advantage of the present invention over the 
prior art is that both liquid and solid atomised coating- 

25 forming materials may be used to form substrate coatings, 
due to the method of the present invention taking place 
under conditions of atmospheric pressure. Furthermore the 
coating-forming materials can be introduced into the plasma 
discharge or resulting stream in the absence of a carrier 

30 gas, i.e. they can be introduced directly by, for example. 



uu 
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[0015] As mentioned above, the present inventors have 
found particular utility o£ the present invention for 
forming silica- and siloxane-baaed coatings on substrates 
using silicon-containing materials. Under oxidising 
5 conditions, e.g. an oxygen containing atmosphere, silica- 
based coatings can be formed on the substrate surface from 
atomised silicon-containing materials, whereas under non- 
oxidising conditions a siloxane polymer, e.g. a linear, 
branched or resinous siloxane polymer, can be formed on the 
10 substrate surface from atomisation of a silicon-containing 
monomer, a siloxane-organic copolymer can be formed on the 
substrate surface by use of a mixture of organic and 
silicon-containing monomers.- Furthermore, a silica-baaed 

15 turn be coated by a further material, for example an organic 
or siloxane polymer. For example, when a siloxane is mixed 
with an organic polymer and a substrate formed from said 
mixture, the siloxane will migrate to the surface of the 
organic polymeric body of the substrate, due to the 

20 difference in surface energy between organic polymers and 
siloxanes. If this substrate is then subjected to 
atmospheric pressure plasma treatment, the siloxane on the 
surface of the substrate is oxidised to form a silica-based 

25 treatment according to the present invention, by further 

the presence of atomised silicon-containing monomers, to' 

invention is also useful for forming an organic coating on a 
30 substrate, for example a polyacrylic acid or perfluoro- 
organic coating. 
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[0016] The substrate to be coated may comprise any 
material, for example metal, ceramic, plastics, siloxane, 
woven or non-woven fibres, natural fibres, synthetic fibres 
cellulosic material and powder. However, the size of the 

5 substrate is limited by the dimensions of the volume within 
which the atmospheric pressure plasma discharge is 
generated, i.e. the distance between the electrodes of the 
means for generating the plasma. For typical plasma 
generating apparatus, the plasma is generated within a gap 

10 of from 5 to 50mm, for example 12 to 25mm. Thus, the 

present invention has particular utility for coating films, 
fibres and powders. 

[0O171 Substrates coated by the method of the present 
invention may have various utilities. For example, a 

15 silica-based coating, generated in an oxidising atmosphere, 
may enhance the barrier and/or diffusion properties of the 
substrate, and may enhance the ability of additional 
materials to adhere to the substrate surface; a halo- 
functional organic or siloxane coating (e.g. 

20 perfluoroalkenes) may increase hydrophobicity, 

oleophobicity, fuel and soil resistance, and/or the release 
properties of the substrate; a polydimethyl siloxane coating 
may enhance water resistance and release properties of the 

25 a polyacrylic acid polymeric coating may be used as an 

adhesive layer to promote adhesion to substrate surface or 
as part of laminated structure; the inclusion of colloidal 
metal species in the coatings may provide surface 
conductivity to the substrate, or enhance its optical 

30 properties. Polythiophene and polypyrrole give electrically 
conductive polymeric coatings which may also provide 
corrosion resistance on metallic substrates. 
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I0O1BJ One major problem which tends to occur when coating 
substrates using a process involving plasma treatment is 
that the chemical properties of the material used to form 
the coating may be lost. It is therefore a major advantage 
5 of the present invention that the chemical properties of the 
coating forming material are substantially retained in the 
coating formed. For example, in the case where acrylic acid 
is used as the coating forming material, the carboxylic acid 
functionality is substantially maintained in the coating 

[00191 The present invention also provides a method of 
producing a substrate having a multi-layered coating by the 
above described processes. In this case a layer of the 

15 through the atmospheric plasma glow discharge. Preferably 
in such a case the substrate may be coated on a continuous 
basis by being transported through an atmospheric plasma 
glow discharge by way of a reel to reel process in which the 
substrate travels from a first reel, through the glow 

20 discharge and on to a second reel at a constant speed to 

ensure that all the substrate has a predetermined residence 
time within the glow discharge. Each substrate may be 
subjected to one or more passes through the glow discharge 
whereby the first or supply reel in the first pass becomes 

25 the substrate collecting reel in the second pass and the 
substrate collecting reel of the first pass in turn is the 
supply reel in the second pass, the two reels changing over 
at the end of each pass. Alternatively the substrate may be 
passed through a series of atmospheric glow discharge 
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[00201 Preferred uses of the coatings of the substrates 
coated in accordance with the present invention include 
lamination adhesives, oxygen and/or moisture barrier for 
example for food packaging applications and as a component 
5 in or on organic light emitting diode devices in, for 
example, flat panel displays. 

[0021] The present invention will now be illustrated in 
detail with reference to the accompanying drawing, in which 
10 Figure 1 shows an embodiment of apparatus according to the 
present invention. 

[0022] The apparatus according to the present invention 
shown in Figure 1 comprises means for generating an 
atmospheric pressure plasma discharge (generally designated 

15 10), and an atomiser (generally designated 12) connected to 
a syringe pump 14 for supplying a coating forming material 
to the atomiser 12. The means for generating the discharge 
10 includes a high voltage 15 kHz ac power supply 20, 
supplied across two aluminium electrodes 22 and 24 spaced 

20 12mm apart, with the lower live electrode 22 shielded by a 
glass dielectric plate 26. The atomiser 12 includes a Sono- 
tek* 8700-120 ultrasonic nozzle 30, and is connected to a 
Sono-tek* 06-05108 broadband ultrasonic generator 32. The 
atomiser 12 is seated within the earth electrode 24 on an O- 

25 ring 34. The substrate 40 to be coated is placed on the 
glass dielectric plate 26 between the electrodes 22 and 24. 
[0023] The apparatus described hereinabove with reference 
to Figure 1 was used for all the procedures described 
hereinafter. 

30 (* Sono-tek Corporation, Milton, New York 12547, OSA) . 
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[00241 A piece of polyethylene i 
ultrasonloally washed in a 1:1 mixture of isopropyl alcohol 
5 and cyclohexane and was placed on the glass plate. After 
evacuation of residual gas, the plasma discharge gas was 
introduced at a flow rate of 1900 seem and a pressure of 
1.02x10 s Nnf 2 . Two discharge gasses were used, helium and a 
99% helium/1% oxygen mixture. After 10 minutes of purging, 
10 the syringe pump 14 was switched on and the coating-forming 

siloxane (hereinafter referred to as "Dd'J and 
tetramethylcyclotetrasiloxane (hereinafter referred to as 

15 "D 4 H* ) . When the coating- forming material reached the 

ultrasonic nozzle, the ultrasonic generator was switched on 
(2.5 W) to initiate atomisation of the coating- forming 
material, and the atmospheric pressure plasma discharge .was 
ignited by applying 1.5 Mr across the electrodes. 

20 Deposition of the coating- forming material was allowed to 
proceed for 10 minutes, following which the substrate was 
removed and placed under vacuum for 20 minutes to remove any 

100251 The results of the above procedure are shown in 
25 Table 1 below. X-ray photoelectron spectroscopic analysis 

(Kratos ES300) was used to perform elemental analysis of the 
substrate surface, and a spectrophotometer (Aquila 
Instruments nkd-6000) was used to determine film thickness. 
Contact angle measurements were made using video capture 
30 apparatus (AST Products VGA2500XE) using sessile 2|tl 
droplets of deionised water. 
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[0026] Gas permeation measurements of the substrate 
surface were also taken using a mass spectrometer, and the 
results are shown in Table 2. The Barrier Improvement 
Factor is calculated as [coated substrate gas 
5 permeation] / [reference sample gas permeation] . 




» clean polyethylene has a contact angle of 105. B* 



15 



un 
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Clean polyethylene 



Barrier Improvement Factor 
1.0 {by definition) 



that ring-opening polymerisation of the D a and D 4 H coating- 
forming materials had occurred to form a polysiloxane on the 
5 substrate surface. In particular, the ATR-FTIR studies on 
the latter showed that the polysiloxane coating retained 
much of the D 4 B Si-H functionality. 

[0028] nmr studies of a coating prepared as described 
above on a glass surface showed that the polysiloxane formed 
10 on the substrate surface by polymerisation of the D 4 and o,K 
coating-forming materials comprised divalent (CH 3 ) 2 Si02/2 
units and trivalent CH 3 Si0 3/2 units, i.e. the polysiloxane is 



[0029] The method of Example 1 above was repeated using a 
glass substrate and acrylic acid as the coating-forming 
material, and helium alone as the discharge gas. The 
20 . coating was removed from the substrate prior to analysis. 
[0030] FTIR and solid state NKR analysis of the coating 
confirmed that the acrylic acid had polymerised to form 
polyacrylic acid. Both FTIR and NMR data showed consumption 
of the unsaturated C=C bond. 
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[0031] The method of Example 2 was repeated, but using 
nylon and polyethylene substrates . 
5 [00321 An FTIR analysis comparison of the coating with 
commercially available polyacrylic acid confirmed that the 
! acid coating-forming material had polymerised to 
polyacrylic acid coating on the substrate surfaces. 



X-ray photoelectron spectroscopic 
ess analysis, and contact angle 
mad per Example 1 above. The results 
3 below. 



dysis, film 
shown in 



%0 I %COjH Angl. 



26.4 wets 



transport through the coated polyethylen 



untreated polyethylen 
polyacrylic acid. Tt 
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Table 4 




Barrier Improvement Factor 


Untreated substrate 


1.0 (by definition) 


Commercial polyacrylic acid 


1.1+0.1 


Example 3 coating 





[0035] A lap shear test was performed on the coated nylon 
substrates as follows. Two opposing faces of coated nylon 
substrates were overlapped to create a joint covering 1cm 2 , 
5 and the substrates were cured under a 2kg weight at 70 »C for 
60 minutes. The adhesive strength of each joint was then 
determined by pulling the substrates apart at a rate of 5mm 
per minute using a tensilometer (Instron) , and recording the 
maximum load reached prior to failure. The coated 
10 substrates withstood a maximum load of 74+11 Ncm" J prior to 
failure. Comparison joints made from uncoated nylon 
displayed no adhesive properties. 



[00361 The method of Example 2 was repeated, using a 

[00371 X-ray photoelectron spectroscopic analysis, ftir 
20 analysis and contact angle measurements (with water and 

decane) were performed per Example 1 above, and results are 
shown in Table 5 below. The XPS and FTIR analysis showed 
that the glass substrate coating was rich in CF 2 and CF 3 and 
the contact angles for water and decane were determined as 
25 per example 1. 
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angle I Contact angle 



[0038] The contact angle me 
the glass substrate has been r 
hydrophobic and oleophobic by 



A method for forming a coating on a substrate, which 
method comprises introducing an atomised li<juid and/or 
solid coating-forming material into an atmospheric 
pressure plasma discharge and/or an ionised gas stream 
resulting therefrom, and exposing the substrate to the 
atomised coating- forming material. 

A method according to Claim 1 wherein the coating- 
forming material is introduced by direct injection. 

A method according to Claim 1 or 2 wherein the coating- 
forming material is a silicon-containing material. 

A method according to Claim 3 wherein the coating- 
forming material is selected from a dimethylsiloxane, 

A method according to any preceding Claim wherein the 
plasma is generated in an oxygen containing atmosphere. 

A method according to Claim 1 or 2 wherein the coating- 
forming material is an organic or organometallic 
material. 

A method according to Claim 6 wherein the coating- 
forming material is selected from acrylic acid and a 
perf luoroalkene . 
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8 . A method according to any preceding Claim wherein the 
substrate cormjrises metal, ceramic, plastics, woven or 
non-woven fibres, natural fibres, synthetic fibres, 
cellulosic material, and powder. 

9 . A method according to any preceding Claim wherein the 
coating increases the adhesive, release, gas barrier, 
moisture barrier, electrical and thermal conductivity, 
optical, dielectric, hydrophilic, hydrophobic, and/or 
oleophobic properties of the substrate. 

10. A method of producing a substrate having a multi- 
layered coating according to any preceding claim 
whereby the coating is applied by repeatedly passing 
said substrate through the atmospheric plasma glow 
discharge or by passing said substrate through a series 
of atmospheric glow discharge chambers. 

11. A method for polymerising a polymer forming material, 
which method comprises atomising the polymer- forming 
material, and exposing the atomised polymer- forming 
material to an atmospheric pressure plasma discharge. 

wherein the chemical properties of the atomised liquid 
and/or solid coating forming material are substantially 
retained in the resulting coating formed. 

13 . A method in accordance with any preceding claim 

wherein the substrate is coated continuously by use of 
a reel to reel apparatus. 
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14. A method in accordance with any preceding claim wherein 
the substrate is pre-treated by exposure to plasma 
prior to the introduction of coating forming material. 

15 . A method in accordance with any preceding claim wherein 
the coating formed on the substrate is post-treated by 

16 . A method in accordance with claim 14 or 15 wherein the 
plasma is applied by way of atmospheric pressure glow 
discharge. 

17 . A method in accordance with claim 16 wherein an oxygen 
containing material is added to the plasma. 

18. A method in accordance with claim 17 wherein the oxygen 
containing materials are selected from the group of 
oxygen gas and water. 

19. Apparatus for forming a coating on a substrate, which 
apparatus comprises means for generating an atmospheric 
pressure plasma glow discharge within which, in use, 
the substrate is placed, an atomiser for providing an 
atomised coating- forming material within the plasma 
discharge, and means for supplying a coating forming 
material to the atomiser. 



20. Apparatus in accordance with claim 19 wherein the 
atomiser is an ultrasonic nozzle. 
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21. Apparatus in accordance with claim 19 or 20 wharein the 
substrate is fixed to a reel to reel apparatus to 
enable a continuous coating of the substrate. 

22 . A coated substrate prepared in accordance with the 

method of any one of claims 1 to 18. 

23 . A coated substrate in accordance with claim 22 wherein 

the chemical properties of the atomised liquid and/or 
solid coating forming material are retained in the 
resulting coating. 

24. Use of a coated substrate formed in accordance with the 
method of any one of claims 1 to 18 as a lamination 
adhesive, an oxygen and/or moisture barrier or in 
organic light emitting diode devices. 
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